Journal homepage: http://www.ijcmas.com Increased productivity of dry chilli with appreciable fruit quality is the present need in major growing areas to promote export from our country. The present investigation was undertaken to identify important selection indices, and to analyze the genetic divergence of collected germplasm for identification of diverse parents for spice chilli hybridization program. Different components of genetic variability for 15 growth and yield component traits were determined employing 45 genotypes evaluated in autumn-winter season of 2015-16 in Randomized Block Design with three replications. High GCV and PCV values were recorded for all the characters except days to 50% flowering, days to ripe fruit maturity from anthesis and 1000 seed weight. The proportion of genetic contribution to the overall phenotypic expression of most of the traits was very high. Both heritability and genetic advance was high for all the characters under study except days to ripe fruit maturity from anthesis, revealing additive genetic control of characters. Selection would be most useful for the improvement of these traits. Dry fruit yield/plant was found positively and significantly correlated with all the traits except days to 50% flowering and days to ripe fruit maturity from anthesis. Path coefficient analysis indicated that the maximum direct effect on dry fruit yield/plant was through ripe fruit yield/plant followed by dry fruit weight. From the combing study of correlation and path coefficient, the characters, namely ripe fruit yield/plant and dry fruit weight were the most important selection criteria, emphasis should be given on such traits while imposing selection for amenability in dry fruit yield of chilli. Based on the determination of divergence all the genotypes were grouped into 7 clusters. However, random grouping pattern of genotypes was observed indicating that geographical diversity and genetic divergence were unrelated. The intra-and inter-cluster distance among the genotypes depicted that crossing between the genotypes belonging in Cluster I and VII or Cluster III and VII will be expected to give high heterotic response in F 1 generation. The character fruit length contributed the maximum towards genetic divergence followed by fruit diameter, fruits/plant and plant spread (N-S). Based on D 2 Statistics, PCA and mean performance, six genitors Beldanga, BCCH Sel-4, G-4, BCC-30, BCC-25, and Srinagar possessed the optimum combination of all variables and were identified as most promising donor parents in dry chilli hybridization programme with a view to develop promising hybrids/improved lines.
Introduction
Chilli (Capsicum annuum L.), one of the most important vegetable cum spice crops, belongs to Solanaceae family. Twenty-five distinct species are available in the genus Capsicum (Baral and Bosland, 2002) . All the Capsicum species consist of 2n = 24 chromosome number (Moscone et al., 1996) . Five domesticated species namely C. annuum, C. frutescens, C. chinense, C. baccatum and C. pubescens (Pickersgill, 1997) are mainly cultivated in different parts of the world. Out of this Capsicum annuum is the most widely cultivated species worldwide. It is the most economic and food additive to improve food acceptability. India is one of the premier chilli growing country in the world and it is extensively grown throughout the country both under rainfed and irrigated conditions. Chilli covers an area of 0.83 million hectares with annual production of 1.872 million tonnes (Anonymous, 2017) in India. Andhra Pradesh, Karnataka, Maharashtra, Orissa, Rajasthan, Tamil Nadu and Madhya Pradesh are the leading chilli growing states in our country.
Chilli is emerging as one of the commercial spice crops at the global trade and is probably second most important vegetable after tomato. Chilli is an indispensable spice, due to its pungency, taste, appealing colour and flavour. In the international spice trade, chilli comes just after the black pepper (Piper nigrum L.) in India. In India, it is an important ingredient in daily use and is also used in the preparation of pickles, chutneys, sauces etc. Fruit is rich in vitamin A, E, C and P (Hosmani, 1993) . A crystalline, acrid, volatile alkaloid, capsaicin present in placenta and pericarp is responsible for chilli pungency. Capsaicin has high diverse prophylactic and therapeutic uses in Allopathic and Ayurvedic medicine value (Sumathy and Mathew, 1984) . Oleoresin is semi-solid extracts composed of a resin in solution in an essential and/or fatty oil, extracted from chilli fruits used in processed food and beverage industries and got high export potential. Naturally occurring oleoresins has also good medicinal value mainly used in pain balms. Colour extraction from chilli is also finding increased value to replace the artificial colours in the food items especially in developed countries.
The country is still lagging behind to attain the optimum productivity in dry chilli owing to use of local unimproved cultivars and heavy infestations of insect-pest and diseases particularly viral disease. Therefore much concentrated efforts are necessary to improve its dry fruit yield, quality and host plant resistance against viral diseases. Hence, evaluation of the potentialities of the indigenous germplasm is essential because promise for further improvement programme depends on the genetic diversity of the crop. Selection from the available variations is the oldest and most effective breeding procedure. The nature and extent of genetic variability is one of the most important criteria in formulating an efficient breeding programme and knowledge of phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) is much helpful in predicting the amount of variation present in a given assemblage of genotypes. In genetic studies, characters with high genotypic coefficient of variation indicate the potential for an effective selection (Sadiq et al., 1986) . However, with the help of genotypic coefficient of variations alone; the heritable variation cannot be measured (Singh and Nandapuri, 1974) . Genetic variability along with heritability should be considered for assessing the maximum and accurate effect of selection (Burton, 1952) . Thus estimation of heritable variability and its genetic components such as genotypic coefficient of variation, genetic advance is essential in planning and execution of a breeding programme for improvement of quantitative attributes. Range in magnitude for the concerned character is the simplest way of expressing genetic variability for that character in the population under study. Estimation of genotypic and phenotype correlation among various characters may provide information necessary in a breeding programme when selection is based on two or more characters simultaneously. Selection of one trait results in correlated response in several other traits. Path analysis is simply standardized partial regression co-efficient which splits the correlation coefficient into the measures of direct and indirect effects of a set of independent variables on the dependent variable.
Identification of suitable high yielding, good quality parent among genotypes of chilli is a pre-requisite for the development of high yielding recombinant line(s). Genetic diversity is the base for plant survival in nature and for improvement of the crop. To develop new and improved cultivars with desirable characteristics, which include both farmer-preferred traits (high yield potential, large seed, etc.) and breeder-preferred traits (pest and disease resistance and photosensitivity, etc.). Diversity in plant genetic resources provides opportunity for plant breeders to select superior genotypes either to be directly used as new variety or to be used as parent in hybridization programme. Diversity between the parents is crucial to realize heterosis and to obtain transgressive segregants. In this context, multivariate analysis appears to be an useful technique which serves to be a good index of genetic diversity.
Considering the lack of research done in the Gangetic plains of eastern India, the present experiment was undertaken to identify superior dry chilli producing lines and to analyze the genetic divergence of collected germplasm based on important quantitative traits and to identify diverse parents for hybridization program.
Materials and Methods

Plant material and field growing
Field experiments were carried out at "C" Block Farm of Bidhan Chandra Krishi Viswavidyalaya, Kalyani, Nadia, West Bengal under the research field of All India Coordinated Research project on Vegetable Crops, situated at 23.5 0 N latitude and 89 0 E longitude at an elevation of 9.75 m above the mean sea level.
Forty five advanced lines/varieties/accessions of chilli collected from different parts of India constitute the plant materials for this experiment. The genotypes were grown in Randomized Block Design with three replications. The seeds of 45 genotypes were sown in nursery beds during October, 2015. Seed beds were prepared in a sandy loam soil and were 20 cm high and 1.0 m wide. Weathered cowdung manure at 4 kg/m 2 was mixed into the beds. Beds were drenched with chlorothalonil (2g) + carbendaxim (1 g) to avoid damping off disease. Seeds, after treatment with Thiram (3 g/kg of seed), were sown during the 1 st week of October, 2015 at a shallow depth 5 cm apart and covered with finely sieved well rotten leaf mold (leaves left to decompose for two year) which acts as soil improver and to prevent the soil drying out. After sowing, beds were covered with straw until germination which normally takes five to seven days and hand watered regularly up to 3 rd week of October, 2015. 200 μm ultraviolet (UV)-stabilized polyethylene film supported by bamboo poles was used to cover nursery beds with open sides to protect seedlings from rain and direct sunlight. Hardening of seedlings was done by withholding water 4 days before transplanting. The experimental field was thoroughly prepared by repeated deep ploughing and laddering by tractor to get a fine tilth before transplanting of the seedlings. Well rotten FYM @ 15 tons/ha was applied in the field during the final land preparation. Transplanting of thirty days old seedlings to the main field was done during 1 st week of November, 2015 in the afternoon hours. Spacing of the seedlings was kept 50 cm in both ways in the plot and each measuring 2.5 m × 2.5 m accommodating 25 plants per plot. The crop was fertilized with 120 kg N, 60 kg P 2 O5 and 60 kg K 2 O/ha. Half of total "N" and full dose of "P" and "K" was applied as basal and rest half of N were applies in two equal splits, first at 30 days after transplanting and the rest 25 days after first top dressing. Chilli is frequently attacked by different pest and diseases so proper plant protection measures were taken during the whole experiment against different insect-pests and diseases. Crop management practices for chilli cultivation were followed as per Chattopadhyay et al., (2007) .
Data recording
Fifteen randomly plants were selected of each plot in each replication to record observations on pant height (cm), plant spread (E-W) (cm), plant spread (N-S) (cm), primary branches/plant, days to 50% flowering, days to ripe fruit maturity from anthesis, fruit length (cm), fruit diameter (cm), seeds/fruit, 1000 seed weight (g), druits/plant, ripe fruit weight (g), dry fruit weight (g), ripe fruit yield/plant (g) and dry fruit yield/plant (g).
Statistical analyses
Mean values of genotypes were computed for determining analysis of variance. The genotypic (GCV) and phenotypic (PCV) coefficients of variations were calculated as per Burton (1952) . Heritability in broad sense and genetic advance (GA), as percent of mean, was estimated according to Hanson et al., (1956) . Correlation coefficients at genotypic and phenotypic levels were calculated (Johnson et al., 1955) . Path coefficient analysis was used to partition the genotypic correlation into components of direct and indirect effects as per Dewey and Lu (1859) . The D 2 statistic (Mahalanobis, 1936) was used to assess genotype genetic divergence for quantitative traits. Grouping of populations was performed by using Tocher"s method as described by Rao (1952) . Hierarchical cluster analysis was performed with the same genotypes to observe degree of association according to characteristics expressed in a dendrogram (Ward, 1963) . Principal component analysis (PCA), to identify the factor dimension of the data, was used to summarize varietal information in a reduced number of factors for selection of the best performing genotype(s).
Results and Discussion
Genetic variability and heritability
Success of any plant breeding programme is dependent on to a very large degree on the genetic variability of the available germplasm. This investigation presents the range of variation for 15 quantitative characters. Mean sum of squares for the above mentioned characters and their significance were presented in Table 1 . All these characters under study showed highly significant variation among the genotypes indicating their importance in the study of genetic variability. Significant variation in chilli genotypes was earlier reported by Rathod et al., (2002) , Sreelathakumary and Rajamony (2002), Chowdhary and Samadia (2004) , Chattopadhyay et al., (2011 ), Bhutia et al., (2015 .
Estimates for the co-efficient of phenotypic and genotypic variation (PCV and GCV respectively), heritability in broad sense (H), and GA as % of mean for these characters were presented in Table 2 . Close estimates of GCV and PCV were recorded for all the characters except days to ripe fruit maturity from anthesis. It implies that contribution towards final phenotypic expression of these characters mostly by genetic makeup of these varieties rather than the environmental factors. This suggested that selection could be effective on the basis of phenotypic characters alone with equal probability of success in these characters. Highest GCV value was recorded for the character ripe fruit yield/plant (79.39 %) followed by dry fruit yield/plant (78.71 %) and the lowest value was observed in days to ripe fruit maturity from anthesis (8.09). Highest PCV value was recorded for ripe fruit yield/plant (80.25 %) followed by dry fruit yield/plant (79.59 %). In the present investigation ripe fruit yield/plant, dry fruit yield/plant, plant height, plant spread (E-W), plant spread (N-S), primary branches/plant, fruit length, fruit diameter, fruits/plant, seeds/fruit, ripe fruit weight and dry fruit weight showed high GCV and PCV values. These findings were supported by Rosmaina et al., (2016 ), Pandiyaraj et al., (2017 , Murmu et al., (2017) , Yogeshkumar et al., (2018) , Vaishnavi et al., (2018) . Moderate GCV and PCV values were found for days to 50% flowering and 1000 seed weight indicating the potential of simple selection for the improvement of such traits. These findings were supported by Jogi et al., (2013b), Elahi et al., (2017) , Meena et al., (2016) , Bijalwan and Madhavi (2016) . However, low GCV and PCV values were observed in days to ripe fruit maturity from anthesis indicating remote possibility of simple selection for the improvement of such trait.
High proportion of GCV to PCV is desirable in selection process because it depicts that the traits are much under the genetic control rather than the environment (Kaushik et al., 2007) . The proportion of GCV to PCV observed in this study was generally high ranged from 83.57 % in days to ripe fruit maturity from anthesis to 99.68 % in fruit length. All these traits under study are reliable for selection in genetic improvement of the chilli genotypes. Traits whose expressions are environmentally dependent may not be reliable descriptors for morphological characterization (Samaee et al., 2003; Pandey et al., 2008) . However, in this study, the proportion of genetic contribution to the overall phenotypic expression of most of the traits was very high. Therefore, their use as important discriminatory variable for chilli classification studies seems relatively reliable.
The genetic co-efficient of variation is the measure to estimate the variability of the plant characters. However, with the help of genetic co-efficient of variation alone it is not possible to determine the amount of variation that is heritable. The heritable portion of the variation was determined out with the aid of heritability estimates. Genetic variability along with heritability should be considered for assessing the maximum and accurate effect of selection (Burton, 1952) . In the present investigation very high broad sense heritability (85 % and above) was recorded for all the characters except days to ripe fruit maturity from anthesis which confirmed the findings of Chattopadhyay et al., (2011) and Hasanuzzaman et al., (2012) . Above average to high heritability estimates (60-85%) were recorded for days to ripe fruit maturity from anthesis (69.80 %). Earlier reports of Bhagyalakshmi et al., (1990) agreed well to our findings. So, most of the characters under study showed above average to very high heritability ( Table 2 ). The high estimates of heritability in the quantitative characters have been found to be useful from plant breeders" view point as this would enable him/her to base his selection on the phenotypic performance. Improvement in the mean genotypic value of the selected families over the base population is known as genetic advance under selection and it depends upon the genetic variability, index of transmissibility i.e. heritability and intensity of selection, i.e. proportion of plants selected. Very high GA as % of mean (> 100 %) was recorded for seven characters namely, plant spread (E-W), plant spread (N-S), fruits/plant, ripe fruit weight, dry fruit weight, ripe fruit yield/plant, and dry fruit yield/plant. More than 100% GA was also reported by Chakrabarty and Islam (2017) for 10 green fruit weight, 10 dry fruit weight, fruit length, fruits/plant and fruit yield/plant. High GA as % of mean (> 20 %) was recorded for the characters plant height, primary branches/plant, days to 50% flowering, fruit length, fruit diameter, seeds/fruit, and 1000 seed weight number of seeds/fruit. High GA as % of mean (>20%) was also reported by Pandit and Adhikary (2014) for days to 50% flowering, fruit length, fruit diameter, fruits/plant, fruit weight, seeds/fruit, 1000 seed weight, green fruit yield/plant. Days to ripe fruit maturity from anthesis recorded moderate GA as % of mean (13.92 %). Johnson et al., (1955a) had suggested that heritability estimates along with genetic gain is usually more helpful than the heritability alone in predicting the resultant effect for selecting best individuals. Therefore, these two genetic parameters must be considered together to predict the expected genetic progress possible through selection. Very high heritability coupled with very high GA as % of mean was observed for all the characters under study except days to ripe fruit maturity from anthesis. All these characters can be regarded as most important for selection because of probable control by additive gene action (Panse, 1957) , and this result was supported by finding of Bhagyalakshmi et al., (1990) and Acharyya et al., (2003) . Moderate heritability with moderate GA as % of mean observed for days to ripe fruit maturity from anthesis indicating that this character was also controlled by the additive action of polygene and would be considered for selection criteria but not as efficiently as first group of characters.
From the result of genetic variability and heritability, fruit yield/plant and other component traits except days to ripe fruit maturity from anthesis emerged as most reliable characters for selection because of their probable conditioning by the additive gene action.
Character associationship
The statistics that measures the relationship between two or more variables is known as correlation co-efficient. It measures the mutual relationship between various plant characters and determines component characters on which selection can be based for improvement in yield. The genotypic and phenotypic correlations were presented in Table 3 . In general, the genotypic correlations were higher than the phenotypic ones, which indicated that the phenotypic expression of the correlation is reduced under the influence of environment, although there is a strong inherent association between the various characters. Dry fruit yield/plant was significantly and positively correlated with plant height (r = 0.421**, significant at 1% level), plant spread (E-W) (r = 0.592**), plant spread (N-S) (r = 0.607**), primary branches/plant (r = 0.661**), fruit length (r = 0.574**), fruit diameter (r = 0.289*, significant at 5% level), seeds/fruit (r = 0.426**), 1000 seed weight (r = 0.564**), fruits/plant (r = 0.739**), ripe fruit weight (r = 0.607**), dry fruit weight (r= 0.643**), and ripe fruit yield/plant (r = 0.994**). These results were in conformity with the findings of Yatung et al., (2014a), Rohini and Lakshmanan (2015), Vaishnavi et al., (2017) , and Shweta et al., (2018) in chilli.
Days to ripe fruit maturity from anthesis was significantly but negatively correlated (r = -0.597**) with dry fruit yield/plant and days to 50% flowering was negatively correlated with dry fruit yield/plant. These results corroborated with the findings of earlier researchers (Rana et al., 2015 , Elahi et al., 2017 , Hasan et al., 2016 and Maurya et al., 2017c indicating that early flowering and ripe fruit maturity leads to high dry fruit yield/plant. Seeds/fruit and 1000 seed weight were most contributing characters towards increased fruit weight as they were positively and significantly correlated with fruit weight and this result was supported by Chowdhary and Samadia (2004) and Sarkar (2006) . From the above result, it became evident that dry fruit yield of chilli can be increased through increase in important components like plant height, plant spread (E-W), plant spread (N-S), primary branches/plant, fruit length, fruit diameter, seeds/fruit, 1000 seed weight, fruits/plant, ripe fruit weight, dry fruit weight, and ripe fruit yield/plant. Phenotypic correlations of the characters were partitioned to path coefficient with a view to identify important component characters having direct effects on dry fruit yield/plant. The direct and indirect effects of different characters on dry fruit yield/plant at phenotypic level were presented in Table 3 . Highest positive direct effect on dry fruit yield/plant was registered by ripe fruit yield/plant (0.971) followed by dry fruit weight (0.423) and that was supported by findings of Jose et al., (2002) , Yatung et al., (2014a), Manikandan et al., (2018) .This was the main cause of desirable positive association of ripe fruit yield/plant and dry fruit weight with dry fruit yield/plant. These two characters should be considered as important selection criteria for dry fruit yield improvement of chilli. Some other characters like fruits/plant, plant spread (E-W) and fruit length also showed direct positive effects on dry fruit yield/plant but the magnitude was low. Four characters viz. plant spread (N-S), days to ripe fruit maturity from anthesis, 1000 seed weight and ripe fruit weight had negative direct effects on dry fruit yield/plant. These four characters had high significant and positive correlation on dry fruit yield/plant, but their direct effects on dry fruit yield/plant were negative mainly because of high negative indirect effects via other characters. From the study of character associationship, combining correlation and path co-efficient, the characters, namely, ripe fruit yield/plant and dry fruit weight were the most important selection criteria as they showed significant positive correlation and high positive direct effects with dry fruit yield/plant. Significance of these characters as important selection indices was also suggested by DeKadwey et al., (2015) Ajith and Manju (2015) and Sharma and Sridevi (2016) and so many authors. Mahalanobis (1936) developed the D 2 statistic model to determine the divergence among population in terms of generalized group distance. It has been widely used in Psychometry and anthropometry for classificatory purpose. Later on, it has been successfully exploited in plant breeding. Multivariate analysis is a powerful tool in qualifying the degree of divergence between biological populations (genetic distance) and to assess the relative contribution of different components to the total divergence. Although, Mahalanobis"s generalized distance as a measure of genetic distance occupy a unique place in plant breeding yet, as it happens in biology, several problems under the influence of random unpredictable changes due to environment, evade the direct grip of the concept well proven is more exact fields like mathematical components. It suggests the measuring the genetic distance through multivariate analysis over environment, to fortify its reliability. Figure. 2 Scatter diagram of regression factor scores for the first and second components as determined by principal component analysis. Points in diagram closest to the intersection of 0 on the X-and Y-axes indicate similarity. Outliers on the X-axis, i.e., 1, 2, 10, 12, 16, 41, 42, 43 and 44 indicate diversity. Numbers correspond to name of the genotype (Beldanga = 1, White chilli = 2, Debgiri = 10, BCCH Sel-4 = 12, G-4 =16, Pahelgaon = 43 and Srinagar = 44) The present study aimed at analyzing the genetic divergence of 45 genotypes employing 15 important quantitative characters. Based on the degree of divergence (D 2 values) between any two genotypes a logical grouping of the genotypes with low D 2 value could be arrived at by Tocher"s method. Based on the determination of divergence all the 45 genotypes could meaningfully be grouped into 7 clusters (Table 4 ). Cluster I had the maximum of 22 genotypes followed by cluster IV with 8 genotypes, while cluster II and cluster III containing 6 genotypes in each case. Clusters V, VI and VII were monotypic in nature. Some earlier studies Shrilekha et al., (2011) also classified chilli genotypes in number of clusters while conducting experiments in different environments utilizing various genotypes. The grouping pattern of genotypes was observed to be random, indicating that geographical diversity and genetic divergence were unrelated. The absence of relationship between genetic diversity and geographical distance indicates that forces other than geographical origin such as exchange of genetic stock, genetic drift, spontaneous mutation, natural and artificial selection are responsible for genetic diversity. Therefore, selection of genotypes for hybridization should be based on genetic diversity rather than geographic divergence.
Multivariate analysis
The intra-and inter-cluster distance among 45 genotypes presented in Table 5 revealed that Cluster IV showed the maximum intra-cluster value (274.34) followed by Cluster III (260.63), while Cluster I had the minimum intra-cluster value (93.66). At inter-cluster level, minimum value was observed between Cluster I and II (212.81) indicating close relationship among the genotypes included in these clusters. The maximum inter-cluster value was observed between Cluster I and VII (3025.51) followed by 2637.17 between Cluster III and VII which indicated that the genotypes included in these clusters had the maximum divergence. Hence, intermating through different crossing fashions between the genotypes included in Cluster I and VII or Cluster III and VII will be expected to give high heterotic response in F 1 generation. Kalloo et al., (1980) suggested that the crosses between selected varieties from widely separated clusters were most likely to give desirable recombinants in the segregating generations.
The cluster means of 45 genotypes (Table 6) showed that the mean values of the clusters varied in magnitude for all the 15 characters. Highest plant height, plant spread (E-W), plant spread (N-S), number of primary branches/plant, fruit diameter, ripe fruit yield/plant, dry fruit yield/plant was observed in Cluster VII followed by Cluster IV. Characters like days to 50% flowering and days to ripe fruit maturity from anthesis was found early in Cluster VII. Maximum cluster mean was observed in cluster VI for fruit length, seeds/fruit, 1000 seed weight, ripe fruit weight and dry fruit weight and Cluster IV for fruits/plant. Therefore, Cluster VII could be regarded as useful sources of gene for improvement of dry fruit yield and component traits. This Cluster had taken minimum days to produce 50% flowering and ripe fruit maturity, which could be helpful for breeding an early plant type. Hence, it can be suggested from the present study that a high yielding early flowering type with desirable horticultural traits could be bred by utilizing the genotypes from Cluster VII and IV as parent in future breeding programme.
The relative contribution of individual characters towards genetic divergence was computed in terms of number of times it ranked first (Table 6 ). Fruit length contributed the maximum (43.13 %) towards genetic divergence followed by fruit diameter (21.82 %), fruits/plant (14.34 %), plant spread (N-S) (7.88 %), dry fruit weight (4.04%), ripe fruit weight (3.54), days to 50% flowering (2.32%), seeds/fruit (1.41%) showing the possibility for selection of these characters. Similar findings were also recorded earlier for plant height, secondary branches/plant (Farhad et al., 2010) ; fruits/plant and fruit length (Hasan et al., 2015) ; fruits/plant, seeds/fruit, 1000 seed weight, oleoresin and capsaicin contents (Vanitha and Jansirani 2017) ; primary branches/plant, days to 50% fruiting and fruit length (Bhutia et al., 2017) .
Principal component analysis (PCA) involves a mathematical procedure that transforms a number of (possibly) correlated variables into a (smaller) number of uncorrelated variables called principal components (Chatfield and Collis, 1980) . The first principal component accounts for as much of the variability in the data as possible, and each succeeding component accounts for as much of the remaining variability as possible. The objectives of PCA are to discover or to reduce the dimensionality of the data set and to identify new meaningful underlying variables (Jollife, 2002) . The eigenvector associated with the largest eigenvalue has the same direction as the first principal component. The eigenvector associated with the second largest eigenvalue determines the direction of the second principal component. The sum of the eigenvalues equals the trace of the square matrix and the maximum number of eigenvectors equals the number of rows (or columns) of this matrix (Harris, 2001) .
PCA was performed to obtain a simplified view of the relationship between four characters [fruit length, fruit diameter, fruits/plant and plant spread (N-S)] having maximum contribution towards divergence, and variable loadings for components PC1 (fruit length), PC2 (fruit diameter), PC3 (fruits/plant) and PC4 [plant spread (N-S)] were extracted in Table 7 . These components were chosen as because their eigenvalues exceeded 1.0 and explained 99.95 % of the total variance. The first component (PC1) explained 58.70 % of total accounted for variance in which an increase in fruit length leads to increase in fruit diameter, fruits/plant and plant spread (N-S). The second component (PC2) explained an additional 85.22 % of the variance in which a decrease in fruit diameter leads to decrease in fruit length and fruits/plant and increase in plant spread (N-S). The third component (PC3) explained an additional 99.22 % of the variance in which an increase in fruits/plant leads to decrease in fruit length, fruit diameter and plant spread (N-S). PCA was also analyzed to identify parents for hybridization in chilli by Farhad et al., (2010) and Hasan et al., (2014b) .
High diversity occurred among chilli genotypes along with strong relationships (Fig. 1) . The scattered diagram (Fig.2) clearly depicted that nine genotypes (Beldanga, White chilli, Debgiri, BCCH Sel-4, G-4, BCC-30, BCC-25, Pahelgaon and Srinagar) have registered distinct differences of their genotypic characters and belong to farthest distance from the other genotypes in the plot. Rest of the genotypes have shown similar features and formed a separate cluster.
Based on D 2 Statistics, PCA and mean performance, six genitors Beldanga, BCCH Sel-4, G-4, BCC-30, BCC-25, and Srinagar possessed the optimum combination of all variables and these genotypes were considered for use as parents in dry chilli breeding programme to develop promising hybrids/improved lines.
In conclusion, adequate genetic component of variations has been observed among quantitative traits under study, revealing ample scope for improving the characters through direct selection. Top priority should be given to selection based on ripe fruit yield/plant and dry fruit weight for dry fruit yield improvement and could be considered while formulating selection indices in the improvement of spice chilli. Geographical diversity was not adequate as an index of genetic diversity. Based on multivariate analysis and average values, six genitors Beldanga, BCCH Sel-4, G-4, BCC-30, BCC-25, and Srinagar emerged as potential donors, and such information will help the breeders either to develop promising hybrids or to isolate potential lines of spice chilli from the segregating generation.
